At 122K, the crystal structure of phosphorylethanolamine (C2HsNOaP) is monoclinic, space group P21/c, Z=4, with a =9-0o15 (l), b =7.745 (1), c=8-788(2)/~, fl=102.51(1), A=1.0470(1)/~, /x = 0.233 mm-~. Full-matrix least-squares refinement based on 2473 neutron reflections with sin 0/A-< 0.79/~-t gave convergence with Rw(F 2) =0.041.
CONFORMATIONS OF WEBERINE ANALOGS AND POLYMETHOPRIMS
Chiang, Karle & Seibert, 1983) . Diaveridine, a molecule like trimethoprim with a similar conformation and similar packing but lacking one of the OCH3 groups (Koetzle & Williams, 1978) , has some antibacterial activity, but much less than trimethoprim. This remarkable difference in antibacterial properties appears to be associated with the number of methoxy groups and their disposition, not with the orientation of the two aryl groups with respect to each other. Increasing the number of methoxy groups, particularly since they protrude above and below the plane of the phenyl ring, obviously increases the thicknesss of this part of the molecule. Another factor that may be associated with the biological activity is the accessibility of the O atoms and the attractive forces they represent. In the tetra-and pentasubstituted molecules, the CH 3 groups tend to shield the O atoms from the exterior, while in trimethoprim the three O atoms present a concerted charge density to the exterior. Diaveridine, which exhibits partial activity, has only two O atoms to present to the exterior.
Introduction
The structure of 2-aminoethyl phosphate or phosphorylethanolamine (PEA, Fig. 1 ) is of interest because this is a simple molecule containing the phosphate monoester and ethanolamine groups, both of which occur widely in biological systems. The crystal structure of PEA, first determined by Kraut (1961) from X-ray photographic intensity data, shows the molecule to be zwitterionic with the molecular backbone (H-O-P-O-C-C-N) twisted both at the ester P-O bond and at the ethanolamine C-C bond. More detailed determinations of the crystal structure of PEA at low temperature (122 K) have now been carried out using both X-ray and neutron diffraction. The aim of the present neutron work is to provide more accurate values for the nuclear configuration, particularly for the H atoms. These results have been most useful in the subsequent X-ray determination of the charge density and electrostatic potential distributions (Swaminathan & Craven, 1984) .
Experimental
Crystals of 2-aminoethyl phosphate grew readily as long prisms during evaporation of a saturated aqueous solution. The crystal used in the data collection was cleaved from a specimen several cm long; it had a volume of 4.26 mm 3 and was bounded by the forms { 110} and { 107.}, the latter being the cleavage plane. The crystal was mounted with the c axis almost parallel to the ~p axis of the four-circle diffractometer, following the experimental procedures previously described (Weber, Craven & McMullan, 1983) . The crystal temperature was maintained at 122+0.5 K.
The wavelength 1.0470(I)A of the incident neutron beam had been previously determined by a least-squares fit of sin 2 0 values for a standard KBr crystal, assuming the lattice parameter ao = 6-6000 (at 295 K). Lattice parameters for PEA at 122 K were obtained by least-squares fit of sin 2 0 values measured for 54 reflections with 48°< 20 < 53 °. Neutron intensities were measured for the quadrant in reciprocal space (+h,/~, l). Additional reflections were also measured in order to verify the diffraction symmetry (2/m). The intensities of two check reflections were constant within 2% throughout the data collection. Every third reflection profile was plotted to permit the visual determination of the peak width for use in estimating backgrounds. Constant values of the peak width were chosen for reflections within successive shells at intervals /120=20 ° . Integrated intensities were corrected for neutron absorption using an analytical procedure (de Meulenaer & Tompa, 1965; Templeton & Templeton, 1973) . The linear absorption coefficient for PEA ( Table 1) was calculated assuming the mass absorption coefficient of H to be 25.3 m 2 kg -~ (McMullan & Koetzle, 1979) . The final agreement factor between symmetry-related reflections was R = ~ IF2o-(F2o)llY (F2o)= 0-043. Further details of data collection and processing are given in Table 1 .
The structure was refined with a locally modified version of the full-matrix least-squares program of Busing, Martin & Levy (1962) . The function mini-2 2 mized was ~ w(F2o-Fc) , where the weight, w, was assumed to have the form 2 2
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Results and discussion

( a ) Molecular packing and H bonding
In the crystal structure, molecules of PEA have their longest dimension approximately parallel to the b axis (Fig. 2) . Short intermolecular H bonds (Table  3) (1) 1.535(I) 176.1 (1) 2.790 (1) 1.747(I) 177.7(I) 2-740 (1) 1.713(I) 166.6(!) 2.750 (1) 1.714(!) 172.1 (I)
) The molecular conformation
The torsion angles in PEA (Table 4) Values are calculated for the molecule shown in Fig. 1 using the positional parameters from Table 2 (Table 3) , and hence stronger.
(C) The molecular thermal motion and bond-length corrections
The nuclear anisotropic thermal parameters in PEA have been analyzed in terms of assumed overall rigidbody motion (Schomaker & Trueblood, 1968) together with non-rigid librations of molecular fragments about selected bonds as axes (Dunitz & White, 1973) . The residual ~,k WkA 2k, where Ak = ( Uo ) o -( Uo ) c and Wk=0"-2(Uk), was minimized by full-matrix least-squares methods, using computer programs by Craven & He (1982) . Subscripts o and c refer respectively to the anisotropic thermal parameters determined by neutron diffraction and those calculated from the assumed model for the molecular motion.
The weights Wk come from the mean variances in (Uo)o for the kth atom. Many models were tested in which up to five molecular fragments were considered to be librating about various bonds of the molecular backbone. A presumed internal libration was rejected as a parameter in the model if the resulting m.s. amplitude was less than 30". With the H atoms omitted, the best fit (Rw=0-125, S=10.3) was obtained with the molecule rigid except for atoms 0(3) and 0(4). This model involved the libration of 0(3) and 0(4) with m.s. amplitude 32 (4) deg 2 about the axis P-O(2).
The H atoms were then included in the analysis, with each methylene group assumed to be librating about the bonds to the two neighboring backbone atnms. These librations represent a combination of CH2 scissor and wagging motion. Torsional motion was introduced for the NH3 group about the C(7)-N bond. After the initial least-squares fitting, the residual values (U0)o-(Uo)c were transformed to local axes and checked for other plausible internal modes which might not be readily expressed as librations about bonds. There were residual features consistent with bond stretching and with an umbrella motion* of both the C(7)-NH3 and O(5)-PO3 terminal groups. These effects were included as fixed contributions to (Uu)~. The average bond stretching estimated from A(A, H) values for the four C-H bonds in PEA was 0-0056 (4)/~2, in good agreement with the corresponding average, 0.0061 (11)A2, for six C-H bonds in y-aminobutyric acid (Weber, Craven & McMullan, 1983) . Other values in PEA were 0.0057 (3) ~2 for the N-H bonds and 0.0074 ~2 for O-H. The m.s. amplitudes for the umbrella motion were 0-0150 and 0.0033 ,~2 for the -NH3 and -PO3 groups.
The parameters used in the final model consisted of the 20 rigid-body T, L and S components, the six internal librations about selected bonds, three bondstretching and two umbrella-motion parameters. The least-squares fit, which involved 96 observations and 31 parameters, gave Rw = 0.127, S = 8.10. Although the model assumed for the PEA thermal motion is an improvement over the simple rigid body, it remains greatly oversimplified. The major limitation is the assumption that the molecules are vibrating independently, whereas they are actually strongly coupled by ionic and H-bonding interactions. The derived molecular thermal parameters are in Table 5 .t Bond lengths and angles with harmonic librational corrections are in Table 6 .
* In the C-NH 3 group, umbrella motion comes from each H atom vibrating with the same m.s. amplitude normal to the N-H bond and in the C-N-H plane.
t See deposition footnote. 
Thermal-motion parameters
The molecule is assumed to consist of five fragments with all of these contributing to the determination of the L, T and S components. The reference fragment consists of atoms 0(3), 0(4) and H(12). The second fragment consisting of the remaining framework atoms, O(2)-O(1)-O(5)-C(6)-C(7)-N(8), is considered to ride on the first fragment. The two methylene and the ammonium H atoms form three fragments which all ride on the second fragment. 
(d) Estimated equilibrium (re) C-H bond lengths
The corrected C-H bond lengths from neutron diffraction as described above are of interest because they are estimated equilibrium (re) values, comparable with those determined theoretically and from other experimental methods (Kuchitsu & Oyanagi, 1977) . Thus for C-H in ethane, theoretical calculations with an extended basis set, including electron correlation effects (MP2/6-31G*) give the value 1.094 ~k (DeFrees, Levi, Pollock, Hehre, Binkley & Pople, 1979) . Corresponding experimental values for ethane are 1-0877 A from infrared spectra (Duncan, McKean & Bruce, 1979 ), 1-0940(2~ A, from microwave spectra (Hirota, Endo, Saito & Duncan, 1981 ) and 1.089(5)A, from gas electron diffraction. The latter is an re value derived by Duncan et al. (1979) from the results of Bartell & Higginbotham (1965) . These experimental C-H bond lengths, including the ten from neutron diffraction, lie within a range of 0.015 ~ which is centered on the theoretical value.
